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"h i s  a r t i c l e  has b e e n  a c c e p t e d  f o r  p u b l i c a t i o n  i n  the 
o f  
-
D e t e c t i o n  of  S e v e r a l  non-Pro te in  Amino Acids 
i n  t h e  P r e s e n c e  of  P r o t e i n  Amino Acids 
S i n c e  t h e r e  a r e  i n d i c a t i o n s  i n  t h e  l i t e r a t u r e  of 
p o s s i b l e  c o n f u s i o n  o f  some non-p ro te in  amino a c i d s  w i t h  
p r o t e i n  amino a c i d s ,  we wish  t o  p r e s e n t  e v i d e n c e  t h a t  t h e  
f o l l o w i n g  n o n - p r o t e i n  amino a c i d s  a r e  d e t e c t a b l e  and 
s i m u l t a n e o u s l y  d i s t i n g u i s h a b l e  from p r o t e i n  amino a c i d s  
u t i l i z i n g  a Beckman Amino Acid Analyzer :  a-amino b u t y r i c  
a c i d ,  P a l a n i n e ,  t a u r i n e  , n o r - v a l i n e  , s a r c o s i n e  , n o r - l e u c i n e  , 
homocys t ine ,  b e t a i n e ,  h y d r o x y p r o l i n e  , and L,L-a ,E-diamino- 
p i m e l i c  a c i d .  Urea was a l s o  r u n .  We wish  t o  p r e s e n t  new 
4  d a t a  f o r  cis-A - d e h y d r o l y s i n e ,  and 3,5-diaminohexanoic 
a c i d  which a p p e a r  c l o s e  t o  l y s i n e  i n  t h e  amino a n a l y s i s  
chromgtogram. 
E x p a r i m e n t a l  
a .  M a t e r i a l s  
The Beckman Model 120 Amino Acid Analyzer  was used  i n  
t h e s e  s t u d i e s .  B a s i c  column b u f f e r  pH 5 .25  and column 
l e n g t h  20 cm. N e u t r a l - a c i d i c  column l e n g t h  50 cm, pH 3 .25 ,  
f o l l o w e d  by  pH 4 .30 .  The t e m p e r a t u r e  was 55.5OC. Flow 
r a t e :  1 ml /minute .  The f o l l o w i n g  i s  a  l i s t  of  compounds 
and t h e  companies from which t h e y  were p u r c h a s e d :  D,L-nor- 
v a l i n e  from K & K  L a b o r a t o r i e s ,  D,L-methionine from Mann 
Research Laboratories, D,L-homocystlne, L - l y s i n e ,  v a l i n e ,  
t h r e o n i n e ,  L -h i s t id ine .HC1,  6 - a l a n i n e ,  u r e a ,  l e u c i n e ,  
a-amino b u t y r i c  a c l d ,  g l u t a m t c  acid, t a u r i n e ,  b e t a i  ne ,HCl, 
s a r c o s i n e , H C % ,  h y d r o x y - p r o l i n e ,  and p h e n y l - a l a n i n e  from 
N u t r a i t i o n a l  B iochemica l s  C o r p o r a t i o n n .  
I t  i s  a p l e a s u r e  t o  thank  D r .  Lin T s a i  a t  D r .  T h r e s s a  
S t a d t m a n ' s  L a b o r a t o r y  a t  t h e  N a t i o n a l  I n s t i t u t e s  o f  H e a l t h  
f o r  t h e  3,5-diamino h e x a n o i c  ac id .2HCl  which was u s e d  a s  a 
s t a n d a r d  i n  t h e s e  s t u d i e s .  
c is-h4-dehy d r o l y  s i n e  was p r e p a r e d  a c c o r d i n g  t o  t h e  
l i t e r a t u r e  (l).L,L-a,~-diaminopimelic a c i d  was p r e p a r e d  
a c c o r d i n g  t o  t h e  l i t e r a t u r e  ( 2 ) .  The N-succinyl-L,L-a,&-- 
d iamino-pimel ic  a c i d  from which t h e  L ,L-a ,&--d iaminopimel ic  
a c i d  was p r e p a r e d  was a g i f t  from C h a r l e s  G i l v a r g .  It was 
hydro lyzed  and t h e  r e s u l t i n g  L,L-a ,€-d iaminopimel ic  a c i d  
was i s o l a t e d  on a Dowex-50 Column, s i m i l a r  t o  work d e s c r i b e d  
p r e v i o u s l y  ( 2 ) .  
b  . Chromatography 
S o l u t i o n s  o f  t h e  s t a n d a r d  compounds were made s o  t h a t  
1-60 mu moles o f  e a c h  amino a c i d  were a p p l i e d  t o  t h e  appro-  
p r i a t e  " b a s i c "  o r  " n e u t r a l - a c i d i c "  columns a f t e r  a d j u s t i n g  
t h e  pH of  t h e  amino a c i d  s o l u t i o n s  t o  a pH of 2 .  Chromato- 
grams of  t h e  compounds were r u n  s i n g l y  a s  w e l l  a s  i n  m i x t u r e s .  
Chromatograms o f  t h e s e  compounds were a l s o  r u n  a t  t h e  
Worth ington  B iochemica l  C o r p o r a t i o n  under  t h e  d i r e c t i o n  o f  
D r .  A ,  L .  Baker  and M r .  V. Worthington .  
R e s u l t s  
The c o l o r  c o n s t a n t s  f o r  the n u n - p r o t e i n  amino acids as 
w e l l  as protein arndno a c i d  c o n t r o l s  a r e  i n d i c a t e d  i n  t h e  
t a b l e .  The f i g u r e  shows t h e  e l u t i o n  p r o f i l e s  of  t h e  non- 
p r o t e i n  amino a c i d s  a s  w e l l  a s  t h e  p r o t e l n  amino a c i d s  which 
a r e  c l o s e s t  t o  them. 
Thus,  we e s p e c i a l l y  n o t e  t h e  s e p a r a t i o n  between nor-  
v a l i n e ,  L ,L-a ,~-d iaminopimeLic  a.cid, i s e b e u c i n e ,  m e t h i o n i n e ,  
b e t a i n e ,  and l e u c i n e ;  homocyst ine and (3-alanine; 3,5-diamino 
4 hexano ic  a c i d ,  cis-A e d e h y d r o l y s i n e ,  and l y s i n e .  
D i s c u s s i o n  
Data  showing t h e  p o s i t i o n s  o f  147 compounds i n  amino 
a c i d  chromatograms have  a p p e a r e d  i n  t h e  l i t e r a t u r e  ( 3 )  
i n c l u d i n g  n o n - p r o t e i n  amino a c i d s  such  as meso-a,€-diamino- 
p i m e l i c  a c i d ,  n o r - l e u c i n e ,  homocystfne,  h y d r o x y p r o l i n e ,  
t a u r i n e ,  u r e a ,  s a r c o s i n e ,  and 6 - a l a n i n e .  However, n o t  a l l  
o f  t h e s e  compounds have been  r u n  c o n c u r r e n t l y .  O f t e n ,  
compounds i n  t h e  p r e s e n c e  o f  d i f f e r e n t  s e t s  of  compounds 
have been  found t o  have n o n - r e p r o d u c i b l e  ch romatograph ic  
p a t t e r n s .  However, we have found t h a t  i t  i s  p o s s f b l e  t o  
r e p r o d u c i b l y  s e p a r a t e  f i f t e e n  n o n - p r o t e i n  amino a c i d s  i n  t h e  
p r e s e n c e  o f  t h e  f o u r t e e n  c h r o m a t o g r a p h i c a l l y  n e a r e s t  p r o t e i n  
amino a c i d s .  There  was r e p r o d u c i b i l i t y  o f  t i m e  o f  appea rance  
of  t h e  apexes  of t h e  amino a c i d  a n a l y z e r  p e a k s  f o r  s e v e r a l  
d i f f e r e n t  r u n s  o f  d f f f e r e n t  s e t s  o f  a l l  t h e s e  compounds a s  
w e l l  as f o r  when t h e y  were a l l  r u n  c o n c u r r e n t l y .  We a l s o  
de te rmined  t h e  p o s i t i o n s  of  s e v e r a l  new amino a c i d s  whose 
p o s i t i o n s  have  n o t  p r e v i o u s l y  been de te rmfned .  
Leucine  and n o r - l e u c i n e  have been  shown t o  be  s e p a r a b l e  
(4,5). However, d i f f i c u l t i e s  were found i n  t h e  s e p a r a t i o n  
of  me th ion ine  and n o r - v a l i n e ,  and L,L-and. meso- m i x t u r e s  o f  
a , ~ - d i a m i n o p l m e t i c  a c i d ,  and a l s o  i s o l e u c i n e  and l e u c i n e  (&,7), 
H o r n ~ c y s t i n e  h a s  been  chromatographed (6,7,8) u s i n g  
s e v e r a l  c o n d i t i o n s .  D i f f e r e n t  e x t e n t s  of  s e p a r a t i o n  were 
o b t a i n e d  depending  on whe the r  50 cm o r  150 cm columns were 
u s e d .  I n  one i n s t a n c e  ( 6 )  homocys t ine  was n o t  r e a d i l y  
s e p a r a b l e  from p h e n y l - a l a n i n e  and t y r o s i n e  and i n  a n o t h e r  
i n s t a n c e  ( 8 )  homocyst ine was n o t  s e p a r a b l e  from 6 - a l a n i n e .  
However, t h e  f i g u r e  i n d i c a t e s  t h a t  ch romatograph ic  sep-  
a r a t i o n s  a r e  p o s s i b l e  amongst a l l  t h e s e  compounds. 
The diamino a c i d s  3,5-diaminohexanoic a c i d  (9) and 
4 
cis-A - d e h y d r o l y s i n e  (1) resemble  l y s i n e  i n  s t r u c t u r e .  
Whereas d i f f i c u l t y  may have been  e x p e c t e d  i n  t h e i r  chroma- 
t o g r a p h i  c  s e p a r a t i o n ,  i n  f a c t ,  t h e y  a r e  d i s t i n g u i s h a b l e  
as shown. 
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Table  
amino a c i d  c o l o r  c o n s t a n t  
homocystf ne 
6 - a l a n i n e  
m e t h i o n i n e  
u r e a  
t a u r i n e  
b e t a i n e  
s a r c o s i n e  
h y d r o x y p r o l i n e  
p h e n y l - a l a n i n e  
a-amino-n-butyric a c l d  
L,L-a,&-diaminopimeSic a c i d  
i s o l e u c i n e  
l y s i  ne 
4 
cis-A - d e h y d r o l y s i n e  
3,5-diami nohexanoic  acid 
n o r - v a l i n e  
n o r - l e u c i n e  
The c o l o r  c o n s t a n t  i s  c a l c u l a t e d  w i t h  t h e  u s e  o f  
t h e  e q u a t i o n  Hw = CD, where H i s  t h e  h e i g h t  o f  t h e  peak 
measured w i t h  t h e  u s e  of t h e  Beckman Expanded Absorbance 
S c a l e  ( 4  t o  5 m i l l i v o l t s  o v e r  1 0  i n .  s p a n , )  w i s  t h e  
number o f  d o t s  i n  t h e  peak above t h e  h a l f h e i g h t ,  D fs t h e  
number of ymoles  o f  amfno a c i d  a p p l i e d  t o  t h e  column, 
and  C i s  t h e  c o l o r  c o n s t a n t .  
Pheny l -a l an ine  o r  l y s i n e  may b e  c o n s i  d e r e d  s t a n d a r d s  
f o r  compar ison  t o  t h e  l i t e r a t u r e .  
0 
The 5700 A d a t a  was u s e d  e x c e p t  f o r  h y d r o x y p r o l i n e  
0 
and  p r o l i n e  f o r  which 4400 A d a t a  was u s e d .  
The c o n d i t i o n s  f o r  t h e  ch romatograph ic  r u n s  a r e  
d e s c r i b e d  i n  t h e  t e x t  and a r e  t y p i c a l  f o r  t h e  model o f  
amino a c i d  a n a l y z e r  u s e d .  
Ami n 
non-Protein and nearest Protein Amino Acids 
The d i s t a n c e s  between peaks  a r e  measured between 
a p e x e s .  
C o n d i t i o n s  a r e  d e s c r i b e d  i n  t h e  t e x t .  
Basic 
Amino Acids 
0 SO 20 30 
I .  Tryptophan 
2. 3,5- Diom i no Hexanoic Acid 
3. hysine 
4. cis - n4 - Dehydrolysine 
5 .  Histidine 
Minutes 
ES CP 
*u ml -Acidic 11 12 23 24 
Amino k i d s  
0 10 20 30 40 60 70 90 B$O 120 130 133 i 6 Q  170 
Minutes 
1, Cysteie Acid 
2. Urea 
3. Taurine 
4. Aspart ic Acid 
5. Methionine Sulfone 
6. Hydroky - Proline 
7, Threoniwe 
8. Glutomic Acid 
9. Sarcosine 
18. Proline 
I I .  cr -Amino-N- Butyric Acid 
12. Cystine 
13. Voline 
14. Betoine 
15. Methion ine 
16. h, k - ap, E - Diamino Pimel ic Acid 
17. Nor -  VoiEne 
18. I soleucine 
19. Leucine 
20. Nor - Leucine 
2 1 .  Tyrosine 
22. bhenyi -Alon~ne 
2 3. Hornocystine 
24. P - Alonine 
